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Abstract  
GIS and Remote sensing technology have great potential for use in groundwater potential analysis. The present study has applied these 
techniques to delineate the groundwater potential zones also to improve the allocation of drilled borehole and allow successful 
development to integrate water resources management for Bara and Umm Ruwaba locality, North Kordfan state, Sudan. Six thematic 
layers (drainage density, slope, depth to basement, thickness of water bearing zone, geology and structure) were prepared, extracted and 
then classified according to their importance with respect to groundwater occurrence and suitable weights were assigned through 
geographic information system environment. The groundwater potential map was prepared by integrated six thematic layers using 
weighted overlay method the output layer was grouped into (i) very good (ii) good (iii) moderate (iv)fair and (v) poor by a suitable 
logical reasoning and conditioning. The most promising potential zone (very good & good) in the area is related to deep basement, thick 
water bearing zone, certain geological formations and the presence of lineaments. Fair and poor groundwater potential zones lie in the 
basement unit with few lineaments. The result was verified with the borehole data to ascertain the validity of the model developed where 
the high yield found in very good and good zones.  
Key words: Data integration, remote sensing, geophysics, Umm Ruwaba Bara Basin, Sudan 
 
1. Introduction 
Water plays a vital role in the development of any activity in any 
area. Thus, the availability of surface and groundwater governs 
the process of planning & development. The surface water 
resources are inadequate to fulfill the water demand. 
Productivity of groundwater is quite high as compared to surface 
water, but groundwater resources have not yet been properly 
developed through exploration. 
Groundwater is considered as one major source of water in 
Northern Kordofan State supporting development plans of water 
supply, irrigation as well as industrial sector. Groundwater 
represents more than 65% of the total consumption of water for 
drinking water supply in the State. It is considered as the only 
realistic water supply option for meeting dispersed rural 
demand, as well as supplementing expanding urban centers in 
some part of the State. The total number of wells drilled in the 
study area is approximately 788 wells, of which, 435 wells are 
successful and yield about7.9 m²/h on average (Groundwater 
Directorate). Generally, this amount is inadequate to fulfill the 
water demand along the year. 
The greater part of the study area is situated in Umm Ruwaba 
and Bara locality in Northern Kordofan State, both of the two 
localities are considered important as far as natural resources are 
concerned. For example, Khor Abu Habile is considered as the 
main source for water and plays a considerable role in 
agricultural and economic growth in the State. 
GIS provide an excellent tool for the integration of various 
thematic and spatial layers for fast and economical detection of 
the groundwater potential zones. Further it also facilities using 
the currently available packages for ground water modeling by 
providing digital elevation models for land surface, aquifer 
bottom, spatial distribution of well pumping, etc. Remote 
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sensing, on the other hand, is accepted to be an economical 
source of reliable. In particular, land use/land cover, drainage 
network and geomorphology which are the important parameters 
for the identification of groundwater potential zones. This 
information is also very useful in the estimation of parameters 
such as runoff, recharge etc. for hydrological modeling. 
2. The Study Area 
The study area constitutes large areas of the localities of 
Bara and Um Ruwaba in Northern Kordofan State in 
central Sudan. It lies within the Eastern Kordofan 
Groundwater basin and basement. Generally, it is confined 
between latitudes 12° 14 and 14°30 N and longitudes 28° 
52 and 32° 03 E, with an area of about 42682 square 
kilometers in an arid sub-Saharan region, (Fig.1). The area 
characterized by tow climatic zone the northern zone 
represents a semi-arid zone and the southern zone 
represents a poor savannah. Rainfall is concentrated during 
a few summer months (high seasonality) and to relatively 
few occasions (high intensity). The rainy season is from 
June to October with the highest, precipitation generally 
occurring in August. Average rainfall estimated is 250-400 
mm. The mean temperature is 27° C with 10° C and 46° C 
temperature extremes. During the rainy season a south to 
the southwest wind is dominating the area whereas, a north 
wind is dominating during the winter. The former is 
associated with a high mean relative humidity averaging 
about 55%, while the letter is characterized by a low 
average humidity of about 21%.  
 
Fig. 1. Location map of study area, showing land-surface elevation from digital elevation model (DEM) 
3. Methodology 
In this study Landsat 7 ETM+ image with resolution 30m, 
Digital Elevation Model with 90m resolution, geological map of 
scale 1:500.000, 174 Vertical Electrical Sounding and well data 
will be used to demarcate the groundwater potential zones of 
study area and different thematic maps were prepared.  
● All the prepared primary input maps (e.g. lineament, geology 
and VES location) will be digitized in ArcGIS software package 
and the slope map and drainage will be prepared from the digital 
elevation model and Landsat 7ETM+ image. 
● Vertical electrical soundings (VES) data of 174 sites will be 
interpreted and geoelectric parameters of 45 drilled sites were 
co-related with lithology. 
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● Based on this co-relation lithology will be inferred at other 
sounding locations for identifying horizontal and vertical 
variation in subsurface lithology and estimating depth to the 
basement. 
● Using inferred lithology and thickness from geoelectrical 
parameters at respective locations and aquifer thickness maps 
will be prepared using IX1D interpex Software and Manual 
interpretation. 
● Each thematic layer is classified into one of the categories (i) 
very good (ii) good (iii) moderate (iv) fair and (v) poor and 
suitable weights will be assigned according to their importance 
with respect to groundwater occurrence. 
Finally, thematic layers will be converted in to grid of cell size 
92m. The grids in the integrated layer will be grouped into 
different groundwater potential zones by a suitable logical 
reasoning and conditioning. The final groundwater potential 
zone map generated will be verified with the yield data to 
ascertain the validity of the model developed (Fig. 2) show the 
flow chart of the methodology implemented in this study. 
 
 
 
 
Inferred lithology and 
thickness from geoelectric 
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locations 
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basement and thickness of 
water bearing zone map 
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Fig. 2.  Flow chart showing data flow and different GIS analysis operations 
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4. Result and Discussion 
4.1 Drainage System 
The drainage system map was derived from SRTM data using 
Archydro tool and on screen digitization from Landsat 7 ETM+ 
images. All drainage lines flow from the south west to the north 
east direction. Generally, all this drainage is cover with sand 
dunes just Khor Abu Habile in the south part. It is believed that 
this khor was connected to the White Nile Basin in the 
Pleistocene time forming a wide delta (GUNN, R. H, 1982). This 
palaeo-delta is well seen in the satellite image. Structurally 
controlled drainage patterns are observed generally in NW-SE.  
With respect to groundwater occurrences the high drainage 
density is related to less infiltration of water to the ground, which 
in turn leads to higher run off and vice versa. Base on this fact, 
drainage density areas with low drainage density were assigned 
high weight and vice versa (Fig. 4a). The reclassified map was 
produced based on these weights (Table 1) 
4.2 Slope  
The slope amount map was derived from the DEM using spatial 
analyst tool. That shows the elevation low in all of the study area 
but is mostly covered with sand dunes and it’s broken 
occasionally by protruding Jubal. With respect to groundwater 
occurrences the flatter topography (low slope angle) is batter 
chances for groundwater accumulation and vice versa. Based on 
this fact, areas with low slope angle were assigned high weight 
(Fig. 4b). The reclassified map was produced based on these 
weights (Table 1). 
4.3 Lineaments 
Most of the study area was covered by sand dunes that make 
extraction of lineaments from Landsat 7 ETM+ difficult. 
Therefore, Lineaments were inferred from the drainage system 
which was derived from STRM (DEM) data and the subsurface 
structures were inferred from the interpretation of Vertical 
Electric Sounding (VES) data. 
For analysis of lineaments in relation to groundwater prospective 
zones, the vector lineaments map was converted to raster and 
two classes were defined (Fig.4c). Reclassified map of lineament 
was then produced based on the fact that the present of 
lineaments increases the porosity and permeability which in turn 
allows more accumulation of groundwater. (Table 1) shows the 
weights of the reclassified structure lineament map. 
 
 
Table 1. Weightage of different parameters for groundwater prospects 
Theme Classes Range Weight 
Drainage system 0-1 5 5 
 1-4 4  
 4-7 3  
 7-9 2  
 9-14 1  
Slope 0-1 5 5 
 1-2 3  
 2-56 1  
Structure Present 5 10 
 Absent 1  
Geology Umm Ruwaba Formation 5 25 
 Basement complex rocks 1  
 
Nubian Sandstone 
Formation 
5  
 Alluvial deposit 4  
Depth to basement <60 1 30 
 60-109 2  
 109-151 3  
 151-194 4  
 >194 5  
Thickness of water 
bearing zone 
< 6 1 25 
 6-31 2  
 31-60 3  
 60-96 4  
 96 5  
Total   100 
 
4.4 Geology 
According to the Geological and structural map of Bara Basin 
(Mukhtar, 2006), sedimentary thickness map of bara basin 
(Abdalla & Shigidi, 2009), personal communication, geological 
map of Sudan 1984 scale 1:2000.000, geophysic and drilling 
records the geological map was digitized (Fig. 3). Generally, the 
study area is divided into five rock groups (Whiteman, 1971; 
Andrew, 1948). The basement complex is the oldest rock. It was 
formed in the Precambrian – Cambrian period. It is present in 
the west, North West and the south western part of the study 
area. Also it outcrops in J. El Daire which formed from granite, 
the Nawa formation is Paleozoic in age, and Nubian Sandstone 
Formation is the third group and is found in the northern and 
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western parts of the study area. The most of study area is covered 
by Umm Rawaba Formation which is considered as a good 
aquifer. The final group is superficial deposit which consists of 
alluvial deposits and sand dunes (sand sheet) and it is the 
youngest one formed in recent age. 
Before analysis of Geological units, it was converted to raster 
format then was reclassified into four classes. This Reclassified 
map (Fig. 4d) was produced based on the weights in (Table 1) 
after a pair-wise comparison made based on the fact that some 
formations are the best units for bearing water. 
 
 
Fig. 3. Geological map modified after Geological and Structural Map of Bara Basin (Shigidi, 2009) 
4.5 Aquifer configuration maps from electrical survey 
Based on correlation of well data and VESs data, lithology was 
inferred for identifying horizontal and vertical variation in 
subsurface lithology and estimating depth to the aquifer and to 
the basement rock. Using these parameters at respective 
locations, aquifer layer thickness and depth maps were prepared 
using spatial analyst tool. 
Generally, the results from the geoelectric interpretation 
indicated that five to seven subsurface layers are detected in the 
investigated area. They are grouped into five main zones (Table 
2). These are (from top to bottom). 
Table 2. Subsurface layers detected from geoelectric interpretation in the study area. 
Inferred lithology Hydrogeological significance 
Superficial deposits include clay plains, Qoz and wadi-fill deposits Generally dry. 
(Umm Ruwaba or Nubian Sandstone or Nawa) Formation Water bearing formation. Good aquifer 
Weather Basement Rock Good Aquifer depend on thickness structure and recharge 
Fracture Zone Good Aquifer depend on depth structure and recharge 
Fresh Basement Completely dry (massive). 
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The results of geoelectric interpretation are presented as 
subsurface maps of depth to fresh basement and thickness of the 
expected water bearing zone. Each map was classified into five 
classes (Table 2). The depth to basement map reclassified based 
on fact that in case as shallow basement less sediments is 
expected therefore a small chance for water accumulation (Fig. 
4e). The Thickness of water bearing formation map reclassified 
based on the fact that less sediments and thick clayey layers a 
smaller chance for water existing (Fig. 4f). 
a b 
c d 
e 
f 
Fig. 4. Factors controlling groundwater occurrence a: drainage density, b: slope, c: lineament, d: geological units, e: depth to basement, f: water 
bearing zone. 
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6. Integration of remote sensing, vertical electric 
resistivity and GIS data 
The six 6 thematic layers taken for the determination of potential 
groundwater occurrences considering their relevance to 
groundwater occurrence were drainage density, slope steepness, 
presence of structures, geology and aquifer configuration maps 
(depth to basement and thickness of water bearing zone).  
Prior to integration of data sets, individual class weights and map 
scores were assessed. The weights calculated for each factor map 
based on their relative importance to groundwater accumulation 
(Table 1).  
7. Mapping groundwater potential 
The delineation of groundwater potential zones by reclassifying 
the result map into different potential zones; Very Good, Good, 
Moderate, Fair and Poor (Fig. 5). The map produced has shown 
that the groundwater potential of the study area is closely related 
mainly to lineaments, thickness, depth to basement and geology. 
 
Fig. 5. Groundwater potential zones map, Bara Umm Ruwaba Locality 
-in the west and south part of the study area where the poor and 
fair areas are characterized by basement rock, shallow basement 
depth, therefore less thickness of water bearing zone, less 
drainage density, low slope (flat area), and no structures are 
available which.  
- Areas with moderate groundwater prospects are characterize 
by depth to basement less than 109 m, thickness of water bearing 
zone less than 31m, geological lay with in Umm Ruwaba and 
Nubian Sandstone formation, flat area and moderate to low 
drainage density. This areas apparent surrounding to the good to 
very good areas.  
- The very good and good categories spatially are distributed at 
bara basin where deep depth to basement, moderate to large 
thickness of water bearing zone, Umm Ruwaba formation 
covered and presented of structures. This highlights importance 
of depth to basement, thickness of water bearing zone and 
geology in the study area. 
8. Model evaluation  
The validity of the model developed was tested against the 
borehole data, where many boreholes were found in the good 
and very good zones. Although some wells exist in all 
groundwater potential zones, the largest number of yielding 
wells lies in the very good and good groundwater prospect 
zones. The model generated result will, therefore, help as a 
guideline for designing a suitable groundwater exploration plan 
in the future. 
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9. Conclusions 
A groundwater potential map has been produced using six 
thematic maps derived from satellites images, existing data and 
geophysical data. The produced groundwater potential map was 
compared and validated by borehole data obtained from different 
localities of the study area. The result showed fairly significant 
correlation or agreement with wells locations. 
This study has shown the large spatial variability of groundwater 
potential. This variability closely followed the variability in the 
depth to basement, thickness of water bearing zone, geology and 
lineaments in the study area.  
The most promising potential zone in the area is related to deep 
basement, thick water bearing zone, certain geological 
formations (Umm Ruwaba, Nubian and Nawa) and the presence 
of lineaments, which represented in the center and North eastern 
part of the study area. Most of zones with fair to poor 
groundwater potential are lie in the basement unit with low 
lineaments density, which represented in North western and 
South western part of the study area. This illustrates that the 
approach outlined has merits and can be successfully used 
elsewhere with appropriate modifications. 
The study has demonstrated the capabilities of using remote 
sensing, geophysical data and Geographical Information System 
for demarcation of different groundwater potential zones, 
especially in diverse geological setup. This could give more 
realistic groundwater potential maps which may be used for any 
groundwater development and management program. 
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